Unsteady mixed convective boundary layer flow of viscous incompressible fluid along isothermal horizontal plate is analyzed through Similarity Solutions. The governing partial differential equations are transformed into ordinary differential equations using the similarity transformation and solved numerically along with shooting technique. The flow field for the fluid velocity, temperature and concentration at the plate surface are significantly influenced by the governing parameters such as unsteadiness parameter, permeability parameter, Prandtl number, Schmidt number and the other driving parameters. The results show that both fluid velocity and temperature decrease but no significant effect on concentration for the increasing values of Prandtl number. It is also exposed that velocity and concentration is higher at lower Schmidt number for low Prandtl fluid. Finally, the dependency of the Skin-friction co-efficient, Nusselt number and Sherwood number, which are of physical interest, are also illustrated in tabular form for the governing parameters.
Introduction
The study of mixed convective boundary layer flows is generated much in many engineering processes and also in polymer industries for fiber-glass production and condensation process. This study is very practical and worthy enough to discuss perfectly. If the fluid flow is caused solely due to the density differences resulting from temperature gradients without assistance of external force like a pump or a fan is termed as natural or free convection flow. Such flow is generated due to the buoyancy effects which is observed in many heat transfer processes and is applied in many technological applications. A convection situation involving both free and forced convection is known as mixed convection. In mixed convection flows, the forced and free convection effects are of comparable magnitude. Many studies exist for the mixed convection boundary layer flow about vertical, inclined, horizontal and wedge surfaces immersed in a viscous fluid.
Because of significant effects of buoyancy on the flow field pressure gradient changes through the depth of the layer. Former researchers verified the effect of buoyancy and they focused on flows over plates which are smoothly cooled or heated.
K. Stewartson [1] earlier considered the theory of laminar boundary layers in compressible fluid and analyzed also for the laminar two-dimensional boundary layer flow on a semi-infinite horizontal plate. L. J. Crane [2] was the first who reported the analytical solution for the laminar boundary layer flow past a stretching sheet. After this pioneering work, P. S. Gupta and A. S. Gupta [3] added new dimension to the study with suction and injection. Johnson and Cheng [4] examined the necessary and sufficient conditions under which similarity solution exist for free convection boundary layers adjacent to flat plates in porous media. N. Afzal and T. Hussain [5] studied mixed convection over a horizontal plate.
Kumari et al. [6] observed that the unsteadiness in the flow field was caused by the time dependent velocity of the moving sheet. The constant temperature and the constant heat flux conditions were consideration in their investigation. Slaouti et al. [7] investigated that the temperature and surface heat transfer were changed in a small interval of time for the unsteady free convection flow in the stagnation-point region of a three dimensional body. Pierre-Yves Lagree [8] studied removing the marching breakdown of the boundary-layer equations for mixed convection above a horizontal plate.
This study is very interesting because it summarizes all the difficulties of boundary layer flows. J. Kim, Y. T. Kang and C. K. Choi [9] analyzed convective instability and heat transfer characteristics of nanofluids. A. J. Chamkha and A. Al-Mudhaf [10] examined unsteady heat and mass transfer from a rotating vertical cone with a magnetic field and heat generation or absorption effects. O. Aydin and A. Kaya [11] performed an analysis for the laminar boundary layer flow over a porous horizontal flat plate, particularly, to study the effect of uniform suction or injection on the heat transfer. Using the constant surface temperature as thermal boundary condition, they also investigated the effect of Prandtl number on heat transfer. M. E. Ali and E. Magyari [12] studied unsteady fluid and heat flow induced by a submerged stretching surface while its steady motion is slowed down gradually. Ali M. Yeakub and Hossain M. M. Touhid [13] reported the analytical similarity solutions for unsteady laminar Natural convection boundary layer flow around a vertical heated curvilinear surface. K. Vajravelu, K. V. Prasad and Chu [14] studied unsteady mixed convective boundary layer flow of a viscous fluid at a vertical surface with variable fluid properties. G. Singh and P. R. Sharma [15] analyzed heat and mass transfer in the boundary layer flow along a vertical isothermal reactive plate near stagnation point.
Recently, Ali et al. [16] [17] [18] studied similarity solutions of unsteady convective boundary layer flow along isothermal vertical plate with porous medium. Further we also investigated similarity solutions for an internal heat generation, thermal radiation and free convection unsteady boundary layer flow over a vertical plate. Moreover, we discussed unsteady laminar hydro-magnetic free convection boundary layer flow over semi-infinite and permeable inclined flat plates.
So far as we know, no previous study has been made to analyze unsteady mixed convective boundary layer flow along isothermal horizontal plate. In the present study, an attempt is made to investigate unsteady mixed convective boundary layer flow of viscous incompressible fluid along isothermal horizontal plate.
The partial differential equations for governing the flow are transformed into ordinary differential equations using the similarity transformation and solved numerically. 
Mathematical Formulation of the Problem
We consider an unsteady two dimensional mixed convective boundary layer flow of a viscous incompressible fluid along horizontal isothermal plate. The plate surface generates inert specie which diffuses inside the boundary. The co-ordinate system is selected such that x-axis is in the horizontal direction. The unsteady fluid flows start at time t = 0. The potential flow is given by the velocity distribution ( )
where "a'' is a positive constant. The velocity of the fluid far away from the plate surface is assumed to be zero. Here magnetic Reynolds number is assumed to be very small so induced magnetic dissipation is negligible. Using unsteady boundary layer approximation, the governing equations of such type of flow are given by;
The boundary conditions are:
where x and y are the coordinates measured along the plate and normal to it. u, v are the velocity components along the x and y axes. υ is the kinematics viscosity, ρ is the density of the fluid, g is the acceleration due to gravity, β and β* are the thermal and concentration expansion co-efficient respectively, C is the species concentration in the boundary layer, C ∞ is the species concentration of the ambient fluid, p C is the specific heat, D is the molecular diffusivity of the species concentration, T is the temperature inside the boundary, T ∞ is the temperature for away from the plate, κ is the permeability of the porous medium. The remaining parameter J is the Richardson Number or buoyancy parameter, which depends on α , thermal coefficient of expansion of the density in the Boussinesq approximation. The transverse pressure term contains the gravity term such as Equation (3). In order to simplify the mathematical analysis of the problem we introduce the stream function
, and dimensionless variable, Introducing dimensionless similarity variables into the system of Equations (2)- (5) is reduced to system of ordinary differential equations; ( )
( )
and ( )
It is observed that the Equation (1) is identically same. The Boundary conditions in Equation (6) are reduced to the corresponding boundary condition for velocity, temperature and concentration fields are as; The above equations with boundary condition are solved numerically by using shooting method. The effect of various governing parameters on the fluid velocity, temperature, pressure, concentration is exhibited in Figures. Finally, the dependency of the Skin-friction co-efficient, Nusselt number and Sherwood number, which are of physical interest are also illustrated in tabular form and analyzed in details.
Important Physical Parameters
Skin-friction co-efficient at the plate is defined as
The rate of heat transfer in terms of Nusselt number at the plate is given by ( ) ( ) 
Thus the values of the local skin-friction co-efficient 
Numerical Solution
The obtained systems of non-linear ordinary differential equations together with boundary conditions are transformed into simultaneous linear differential equations of first order and then solved numerically by applying the Shooting method namely Nachtsheim-Swigert (1965) iteration technique (guessing the missing value) along with Runge-Kutta integration scheme. Nachtsheim-Swigert iteration technique is used as the main tool for the numerical approach. The dimensionless similarity equations for momentum, temperature and concentration equations are solved numerically by this iteration technique. In shooting method, the missing (unspecified) initial condition at the initial point of the interval is assumed and the differential equation is also integrated numerically as an initial value problem to the terminal point. The accuracy of the assumed missing initial condition is then checked by comparing the calculated value of the dependent variable at the terminal point with its given value. If a difference exists, another value of the missing initial condition must be assumed thus the process is repeated. This process is continued until the agreement between the calculated and the given condition for the specified degree of accuracy. In the process of iteration, the Skin friction coefficient, the Nusselt number and the Sherwood number proportional to ( ) ( )
respectively are also evaluated. 
Results and Discussions

Velocity Profiles
The variations of dimensionless velocity profiles in the boundary layer are depicted in Thus it is established that increase in buoyancy forces enhance the fluid flow. 
Temperature Profiles
The behaviors of the dimensionless temperature profiles for several thermo physical parameters are illustrated in Figures 9-16 . From these Figures it is observed that boundary conditions of the flow profile under consideration, the fluid temperature arrive at 1.0 then decreases exponentially to the leading edge and leads to zero far away from the plate with the with the increases of η . Figure 9 and Figure 10 represent the effects of unsteadiness parameters A 1 and A 2 on the dimensionless temperature. It is observed that in both cases the temperature profile decreases with the increases of A 1 and A 2 . Figure 11 and Figure 12 represent the variation of the temperature profiles with Gr and Gc. It is seen that in both cases the temperature boundary layer thickness decrease with an increase in Gr and Gc. The effect of various values of the Schmidt number, Sc on the dimensionless temperature profile is displayed in Figure 14 . We have observed that the fluid temperature profile increases monotonically with the increases of Schmidt number. Figure 15 exhibits the influence of the Prandtl number, Pr on the non dimensional temperature profiles in the boundary layer. We observed that the temperature profile decreases smoothly with the increase of Pr. We also observed from Figure 16 that velocity profile increases gradually with the increases of Modified Richardson number or buoyancy parameter, J a .
Concentration Profiles
Figures 17-24 depict the variation on the chemical species concentration profiles for different governing parameters. From these Figures it is noted that the chemical species concentration is highest at the plate surface and decreases exponentially to zero far away from the plate satisfying the boundary conditions of the flow profile under consideration. Figure 17 and Figure 18 represent the effects of unsteadiness parameters A 1 and A 2 on the dimensionless concentration. It is observed that in both cases the concentration profile decreases with the increases of A 1 and A 2 . The influence Gr and Gc on the concentration profile is illustrated in Figure 19 and Figure 20 . It is noticed that in both cases concentration profile decreases slightly with the increases in Gr and Gc. Figure 21 displays the concentration profile for permeability parameter K. It is noticed Tables 1-8 illustrate numerical results to exhibit the effect of several parameters on the skin-friction co-efficient, Nusselt number and Sherwood number for the physical interest of the problem. Table 7 .
( ) ( ) while Skin-friction co-efficient increases for the increasing of A 1 and decreases for the increasing of A 2 . It is shown in Table 3 that, with the increases of the Prandtl number (Pr), both skin-friction co-efficient and Nusselt number decrease while Sherwood number increases. Again in Table 4 , it is observed that with the increases of the Schmidt number (Sc), Skin friction coefficient and Sherwood number decrease whereas Nusselt number increases. Moreover, Table 5 & Table 6 reveal that skin-friction coefficient, Nusselt number and Sherwood number increase with the increase of buoyancy forces (Gr, Gc). number and Sherwood number decrease with the increase of the Permeability parameter (K) and buoyancy parameter (J a ).
Conclusion
Mixed convective boundary layer flow of viscous incompressible fluid has been investigated for unsteady flow along horizontal isothermal plate through similarity solutions. It is concluded that the fluid velocity, temperature and concentration profiles decrease as the unsteady parameter increases. Both fluid velocity and temperature decrease as the Prandtl number (Pr) increases but no significant effect on concentration. It is noted that velocity and concentration profiles exhibit significant changes while temperature exhibits minor change for the variation of Schmidt number (Sc). It is also revealed that velocity and concentration are higher at lower Schmidt number for low Prandtl fluid. Both the skin-friction co-efficient and Nusselt number decrease whereas Sherwood number increases with the increases of the Prandtl number (Pr). Skin friction coefficient and Sherwood number decrease whereas Nusselt number increases with the increases of the Schmidt number (Sc). Moreover, Nusselt number and Sherwood number decrease but skin-friction co-efficient increases with the increase of buoyancy forces (Gr and Gc). Again, Nusselt number and Sherwood number increase moreover Skin friction coefficient decreases with the increase of the Permeability parameter (K) and buoyancy parameter (J a ). It is hoped that this study will serve as a complement to the previous studies in engineering and scientific research.
